Introduction the neocortex of the trkB conditional mutant, dramatic changes in dendritic structure are accompanied by comNeurotrophins have been shown to promote neuronal pression of the neocortex, which is followed by severe survival of a variety of neuronal populations in both the neuronal loss. Thus, the TrkB receptor is necessary for peripheral and central nervous systems (Reichardt and maintenance of the integrity of the CNS, and signaling Fariñ as, 1997). Neurotrophins are a family of highly redeficits result in degenerative changes similar to those lated, small, secreted proteins, including nerve growth observed in certain diseases. factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and neurotrophin-4/5 (NT-4/5).
Results

They exert their effects on neurons mainly through Trk receptor tyrosine kinases. NGF specifically activates
Generation the trkB conditional mutant. To determine the overall loss of TrkB protein, a protein extract was prepared from the dissected posterior halves of the neocortex of transgene under the control of the ␣CaMKII promoter, 6-week-old mice, and an affinity-purified antibody to termed CaMKcre (B. Xu et al., submitted). Mice heterothe TrkB extracellular domain was used to quantitate zygous for fBZ were crossed with CaMKcre transgenic TrkB protein in a Western blot. Compared with an fBZ/ mice to generate mice heterozygous for both fBZ and fBZ mouse, the level of TrkB is reduced by 47% Ϯ 14% CaMKcre (fBZ/ϩ;CaMKcre/ϩ). The trkB conditional (n ϭ 4) in the trkB conditional mutant ( Figure 2F ). knockouts (fBZ/fBZ;CaMKcre/ϩ) were generated from crosses between mice heterozygous for the fBZ allele
The Neocortex Is Compressed in the trkB (fBZ/ϩ) and mice heterozygous for both fBZ and Conditional Mutants CaMKcre. The conditional mutants can survive at least
The gross anatomical structure of the neocortex was 3 months. examined on sagittal sections of both 6-week-old and To identify where the fBZ allele in the brain is deleted 10-week-old brains after Nissl staining, and similar pheafter expression of the CaMKcre transgene, we examnotypes were observed at both ages. As illustrated in ined expression of the tau-lacZ gene in mice heterozy- Figure 4 , where sections of 10-week-old brain are gous for both fBZ and CaMKcre (Figure 2 ). Since the shown, no significant differences in the cytoarchitectau-lacZ gene is under the control of the trkB promoter, tonic structure of the visual cortex were detected among it is expressed only in TrkB-expressing neurons in which animals with genotypes of fBZ/ϩ, fBZ/ϩ;CaMKcre/ϩ, the floxed trkB cDNA has been deleted by Cre-mediated or fBZ/fBZ. This result suggests that the reduced level recombination. Tau-␤-galactosidase is expressed in the of TrkB expression in the fBZ/fBZ mouse does not cause neocortex, hippocampus, and substantia nigra (Figures significant abnormalities in the neocortex. The results 2C and 2D). Some cells in the striatum, amygdala, and also indicate that the expression of tau-␤-galactosidase basal forebrain septal nuclei were also positive for ␤-galin the fBZ/ϩ;CaMKcre/ϩ mouse is not toxic to cortical actosidase ( Figure 2C ; data not shown). The blue stainneurons. However, the visual cortex of the conditional ing in the thalamus and the corpus callosum was due mutant is severely compressed, especially layers II/III to localization of tau-␤-galactosidase in the axons of and layer V (Figure 4) . A similar compression occurs cortical neurons (Figures 2C and 2D Many Cortical Neurons Require TrkB for Survival failure to detect increased death by TUNEL in the mutant could result from slow but progressive loss of cortical To determine whether TrkB activation is required for survival of cortical neurons, we analyzed older trkB conneurons over a period of weeks. As another approach to confirm that many trkB mutant ditional mutant mice. ␤-galactosidase immunohistochemistry of brain sections from 10-week-old and older neurons are lost in 10-week-old and older trkB conditional mutant mice, effects of TrkB loss on several neuanimals showed that, compared to controls, there is a significant reduction in the number of tau-␤-galactosironal subpopulations were assessed using specific markers. The POU domain gene SCIP is expressed spedase-expressing neurons in the trkB conditional mutant (Figures 7A-7D -9C ), the number of nuclear-Otx1-positive neurons in the visual cortex of 10-week-old trkB mutants tau-␤-galactosidase and SCIP are regulated by TrkB signaling. Therefore, these results suggest strongly that was not significantly reduced below that present in the control animals ( Figures 9D-9F) . Thus, survival of neumany trkB Ϫ/Ϫ neurons are lost in the neocortex between 6 and 10 weeks of age in the trkB conditional mutants. rons expressing nuclear Otx1 does not appear to depend on TrkB activation. Thus, many pyramidal neurons in the neocortex appear to depend on TrkB for survival in adult animals.
As shown in Figure 3 , the trkB gene is not deleted in a subpopulation of interneurons that express parvalNot all populations of neurons in the adult neocortex depend upon TrkB for survival. The homeodomain bumin. To determine whether these neurons are indirectly affected in the CAMKcre-directed trkB knockout, transcription factor Otx1 is expressed by many neurons 
numbers of parvalbumin-expressing neurons were
To determine whether ER81 expression is affected specifically in neurons lacking TrkB, brain sections were counted in the visual cortices of 10-week-old control and mutant mice. No obvious differences in morphology costained with antibodies to both ER81 and ␤-galactosidase. If ER81 expression is lost specifically in trkB mubetween these neurons in the fBZ/fBZ control and those in the fBZ/fBZ;CaMKcre/ϩ conditional mutant were tant neurons, the percentage of ER81-positive neurons that also express tau-␤-galactosidase is expected to be seen (data not shown). Counts of parvalbumin-positive interneurons are similar in control and mutant cortices greatly reduced in the CaMKcre-directed trkB conditional mutant. However, in both control ( Figures 10A-(Figure 9G ). Thus, these neurons do not appear to be affected by the loss of the TrkB receptor in neighboring 10C) and mutant ( Figures 10D-10F 
